Objective: Neurotropism of salivary adenoid cystic carcinoma (SACC) and pulmonary metastasis may lead to in treatment failure. miR-582-5p plays important roles in tumorigenesis, invasion and migration. Here, we aim to determine the effect of miR-582-5p and its role in SACC invasion and metastasis. Methods: Six primary human SACC samples and matching adjacent normal tissues were analyzed by microarray analysis. Next, quantitative real-time PCR was carried out to evaluate miR-582-5p expression in 16 primary human SACC samples and matching adjacent normal tissues. Cell invasion and migration were also analyzed, and a luciferase reporter assay and western analysis were conducted. Cell growth and apoptosis assay were performed to confirm the effect of miR-582-5p and Forkhead box C1 (FOXC1) siRNA in cell proliferation and apoptosis. SACC tumorigenesis and metastasis were investigated in vivo experiment. Clinical samples from 110 patients were analyzed using in situ hybridization and immunohistochemistry. Results: Microarray analysis revealed that miR-582-5p was significantly downregulated in the SACC samples compared with the matching adjacent normal tissues. Regulation of miR-582-5p expression significantly influenced the migration, invasion and proliferation ability of SACC cells by targeting FOXC1. E-cadherin was increased, while vimentin and snail were decreased with downregulation of FOXC1, suggesting that FOXC1 may regulate the epithelial-to-mesenchymal transition (EMT) of SACC cells by transactivating snail. In vivo, miR-582-5p overexpression suppressed the tumorigenesis and pulmonary metastasis of SACC. Lower expression of miR-582-5p expression predicts unfavorable prognoses and high rates of metastasis. Conclusions: miR-582-5p could suppress effect on the process of invasion and migration in SACC cell lines, and this could occur through its target gene FOXC1.
Introduction
Salivary adenoid cystic carcinoma (SACC) accounts for a large proportion of all malignant salivary gland tumors. SACC is characterized by perineural invasion and lung metastasis (1) (2) (3) . Lung metastasis is a key factor in the prognosis of SACC patients (4) . Therefore, exploring the mechanisms that influence the perineural invasion and lung metastasis of SACCs is of vital importance.
MicroRNAs (miRNAs) are a group small noncoding RNAs that play major roles in gene expression through translational suppression of targets mRNAs (5) . Previous studies have shown that miRNAs are able to participate in neural differentiation, embryonic tissue development and tumor cell apoptosis (6) (7) (8) . Researchers found that miRNAs altered gene expression and regulate cancer pathways as well as cancer including invasion and metastasis (9) (10) (11) (12) . Because metastasis is an important prognostic factor, it is of vital importance to explore the function of miRNAs in SACC metastasis. Among miRNAs detected by miRNA microarray analysis of SACC, miR-582-5p in SACC got our attention, for miR-582-5p has been proved to play important roles in different types of malignant tumors. For example, in hepatocellular carcinoma, miR-582-5p acts as a tumor suppressor by inhibiting proliferation through suppression of CDK1 expression (13) . Interestingly, in human colorectal carcinoma, miR-582-5p functions as tumor suppressor by targeting another target gene Rab27a (14) . Similarly, in prostate cancer, miR-582-5p has been proved to play an important role in tumor cell proliferation (15) .
Forkhead box C1 (FOXC1) is recognized as a member of the forkhead/winged-helix transcription factor family, initially to be reported in Axenfeld-Rieger syndrome (16, 17) . Besides its function in embryonic development, there was a report about FOXC1 serving as biomarker in breast malignant tumors (18, 19) . Other studies have proved that FOXC1 may influence invasion and migration ability of cancer cells and predict unfavorable prognosis in patients with tumor (20) (21) (22) (23) .
The results of this study, however, indicate that miR-582-5p expression is dramatically downregulated in SACC compared with that in matching adjacent normal tissues. Additionally, miR-582-5p overexpression can effectively inhibit the invasion and metastasis of SACC cells by suppressing its target gene FOXC1. Furthermore, transfection with FOXC1 siRNA similarly inhibits SACC cell migration and invasion. Finally, miR-582-5p and FOXC1 were significantly correlated with prognosis and clinical pathological status.
Patients and methods
Tissue specimens and cell culture SACC samples and their matching adjacent normal tissues were carefully dissected and examined by hematoxylin and eosin (H&E) staining. Written consent forms were obtained from all patients. Tissue samples were taken from 110 patients, who had surgery at Sun Yat-sen Memorial Hospital from June 2006 to 2007 ( Table 1) . None of the recruited patients received any treatment other than surgery. This study was approved by the Research Ethics Committee of Sun Yat-Sen Memorial Hospital.
The human SACC cell lines ACC2 and SACC-83 were purchased from Peking University (Beijing, China) and cultured according to the provided protocols.
miRNA microarray analysis and quantitative real-time PCR miRNA microarray analysis of SACC samples from six patients and their matching adjacent normal tissues was performed by Ribobio (Guangzhou, China). Tissue samples and cells were isolated using the Trizol reagent to extract RNA according to the manufacturer's protocols. Reverse transcription was performed using a PrimeScript RT Reagent kit (TaKaRa, China) according to the manufacturer's instructions. Real-time PCR (RT-PCR) was conducted by using SYBR Gree dye (TaKaRa, China) according to the manufacture's protocols. The relative amount of FOXC1 was normalized to the amount of beta-actin. miRNAs expression levels were normalized to U6 expression levels. Western blotting and transfection Cells were lysed in RIPA to obtain total protein extracts. Then, the protein extracts were separated with 8% SDS-polyacrylamide gels then transferred to PVDF membranes, incubated with a human FOXC1 antibody (Abcam, USA) or a beta-actin antibody (Abcam, USA) overnight at 4°C. Next day, the membranes were incubated with secondary antibody for 1 h at room temperature. Finally, the bands were visualized by chemiluminescence. miR-582-5p mimics, lin-4 mimics and FOXC1 siRNAs were synthesized by Ribobio (Guangzhou, China). SACC cells were transfected with miR-582-5p mimics and FOXC1 siRNAs using Lipofectamine 3000 (Invitrogen) according to the manufacturer's protocols.
Boyden chamber assays
Cells (1 × 10 5 ) in 200 μl of serum-free medium were placed into the upper chamber and incubated for 12 h. Compared with the migration assay, the top chamber was precoated with Matrigel in the invasion assay. Cells that had invaded were counted in five random fields using a microscope at 200× magnification. The data are presented as the mean ± SD.
Cell growth and apoptosis assay
Cell viability and proliferation were assessed by MTT. Cells were plated at 1000 per well and incubated for 6-48 h. Then, 10 μl of MTT reagent was added to the cells, and the cells were incubated for 4 h until a purple precipitate was visible. A total of 100 μl of detergent was added, and cells were incubated at room temperature in the dark for 2 h. Absorbance was then recorded at 570 nm. Apoptosis was assessed by flow cytometry using an Annexin V-FITC/PI Apoptosis Detection kit (Sigma-Aldrich).
Luciferase reporter assay
To confirm that miR-582-5p binds to the 3′ untranslated region (3′-UTR) of FOXC1, the 3′-UTR of FOXC1 was amplified and inserted into the psiCHECK-2 plasmid. ACC2 and SACC-83 were transfected with miR-582-5p along with the psiCHECK-2 plasmid. Luciferase activities were then measured by using a luciferase assay kit (Promega, WI, USA) according to the manufacture's protocols.
In situ hybridization
To detect the expression of miR-582-5p, in situ hybridization was carried out according to the manufacturer's instructions. Briefly, digoxigenin-labeled probes were hybridized to miR-582-5p, and then digoxigenins were recognized by a specific anti-DIG antibody that was directly conjugated to enzyme alkaline phosphatase. The nuclei were then stained by nuclear fast red. The expression level of miR-582-5p was measured as the numbers of positive cells per 1000 tumor cells (24) .
Immunohistochemistry
For the detection of FOXC1 expression, the samples were incubated with FOXC1 antibody (Abcam) overnight at 4°C. The following day, the sections were washed three times with PBS and incubated with secondary antibody for half an hour at room temperature. The slides were stained by DAB and the nuclei were stained using hematoxylin. FOXC1 expression was measured as the number of positive cells per 1000 tumor cells (24) .
Mouse xenograft model
A total of 5 × 10 6 miR-582-5p-transfected SACC-83 cells were injected into BALB/c-nu mice through the tail vein or under the skin. All mice were sacrificed after 6 weeks, and tumor xenografts and lung tissues were then harvested, cryosections (4 μm) were subjected to H&E staining. The procedures were approved by the Sun YatSen University Animal Care and Use Committee.
Statistical analysis
All statistical analyses were performed using in this study by SPSS 17.0 software. The Chi-squared test was used to analyze the relationship between miR-582-5p or FOXC1 expression and clinicopathological characteristics. The survival curve was plotted using the Kaplan-Meier method, and survival characteristics were compared using the log-rank test. P < 0.05 was considered statistically significant. Results miR-582-5p is significantly downregulated in SACC tissues and cell lines miRNA microarray analysis showed that among many miRNAs, miR-582-5p was the most downregulated miRNA in SACC (Fig. 1A) . qRT-PCR to evaluate miR-582-5p expression was conducted to verify the accuracy of the miRNA microarray results (Fig. 1B) . miR-582-5p was expressed at low levels in SACC samples and at higher levels in the matched adjacent normal tissues (n = 16) ( Fig. 2A) . miR-582-5p expression was lower in SACC-83 and ACC2 cell lines than that in the neoplastic epithelial duct cell line human salivary gland (HSG), which exhibited nonneoplastic lesions (25) (Fig. 2B) .
miR-582-5p suppresses the properties of invasion and migration and promotes proliferation in vitro miR-582-5p expression was upregulated by transfecting miR-582-5p mimics into SACC-83 and ACC2 cells. Higher miR-582-5p expression was observed in miR-582-5p mimic-transfected cells than in control cells (mock and lin-4) (Fig. 2C) . Furthermore, the invasion and migration abilities of SACC cells decreased 2.1-2.6 and 2.7-3.2 folds in SACC-83 and ACC2 cells, respectively (Fig. 2D,E) . MTT assay showed that upregulating miR-582-5p expression significantly reduced SACC cell proliferation (Fig. 2F) as well as FOXC1 siRNA (Fig. 3D) , but has no effects on apoptosis (Fig. 2G) . In brief, our findings demonstrated that transfection of miR-582-5p mimics remarkably inhibits SACC cells invasion and metastasis and promotes proliferation in vitro.
miR-582-5p directly represses FOXC1
miRNAs function by binding to the 3′-UTRs of target genes. We predicted the target genes of miR-582-5p using TargetScan (Release 7.0). The results showed that miR-582-5p may bind to 3′-UTR of FOXC1. In order to prove that miR-582-5p binds to the 3′-UTR of FOXC1 in SACC cells. Luciferase reporter assay was carried out. Reporter plasmid carrying miR-582-5p target sequence was constructed. Compared with the control, luciferase activity was reduced by 39% after transfection with miR-582-5p mimics in FOXC1 3′-UTR luciferase reporter than control (Fig. 3A) . Furthermore, FOXC1 expression was inversely correlated with miR-582-5p expression (Fig. 3B) . Transfection with FOXC1 siRNAs significantly downregulated the expression of FOXC1 (Fig. 3C) , and suppressed SACC cell proliferation ( Fig. 3D ) but had no effects on apoptosis (Fig. 3E) .
Transfection of SACC-83 cells with miR-582-5p mimics or FOXC1 siRNAs reduced FOXC1 expression and remarkably inhibited SACC-83 cells invasion and migration. E-cadherin was increased, while vimentin and snail were decreased with downregulation of FOXC1, suggesting that FOXC1 may regulate the epithelial-to-mesenchymal transition (EMT) of SACC cells by transactivating snail (Fig. 3F,G) .
Enhanced miR-582-5p expression suppresses tumorigenesis and lung metastasis relative to controls in xenograft model After all mice were sacrificed, tumor size was calculated by formula: length × width 2 × 0.5. Tumor xenografts and lung tissues were then harvested, and cryosections (4 μm) were stained with HE. As shown in Fig. 4A ,B, enhanced miR-582-5p expression shrank tumors in mice inoculated with SACC-83 cells. As shown in Fig. 4C , lung metastasis has been proved to be decreased in cells transfected with miR-582-5p, indicating that miR-582-5p may repress SACC distant metastasis.
Low miR-582-5p expression was associated with poor outcomes in SACC patients
Immunohistochemistry and in situ hybridization were performed to analyze the clinical significance of miR-582-5p. There was a strong correlation between miR-582-5p and FOXC1. Compared with matched adjacent normal tissues, miR-582-5p was expressed at lower levels and FOXC1 was expressed at higher levels in primary SACCs (Fig. 5A,B) . In addition, Spearman order correlation confirmed that there was reversely correlation between miR-582-5p and FOXC1 ( Fig. 5C ; r s = −0.521, P < 0.001). In terms of clinical relevance, low miR-582-5p expression was associated with poor prognosis but was not associated with age or sex in SACC patients (Table 1) . KaplanMeier survival curves demonstrates that patients with high expression of miR-582-5p (n = 53) live longer than those with low Tumor metastasis in mouse xenograft models. SACC-83 cells overexpressing miR-582-5p or control were injected into the tail vein of nude mice. After 60 days, the mice were sacrificed. The number of lung metastasis is calculated from H&E-stained sections from individual mice. Each group included eight mice. Scale bar = 100 μm. All data are shown as the means ± SD ( ### P < 0.001).
expression of miR-582-5p (n = 57) (P < 0.001) (Fig. 5D ). The cumulative survival statistics found that patients with high expression of miR-582-5p who survived more than 60 months reached 63.1%, however, patients with low expression of miR-582-5p who survived more than 60 months only reached 21.5%. Taken together, there was strong correlation between high expression of miR-582-5p and poor outcomes in SACC patients. In contrast, patients with lower FOXC1 expression survived longer ( Fig. 4E ; P < 0.001).
Discussion
Abnormal miRNA expression has been well documented in different kinds of human malignant tumors, and lots of miRNAs played important roles in tumor tumorigenesis, metastasis as oncogenes or tumor suppressor genes. In this study, microarray analysis was performed to identify differentially expressed miRNAs. In order to verify the accuracy of microarray, miR-191 was chosen as normalization of miRNA (26) . Interestingly, miR-582-5p was the most downregualted miRNA in SACC compared with normal tissues. A preliminary experiment showed that miR-582-5p expression was closely associated with SACC invasion and migration, while changes in other miRNAs had no effects on SACC invasion and migration. Previously, in research of glioblastoma, miR-582-5p influenced glioblastoma survival by targeting Caspase 3 and Caspase 9 as oncogenic microRNA (27) . In previous studies, FOXC1 was upregulated in tongue cancers with lymph node metastasis (28) . As metastasis is a predominant feature of SACC. We pose hypothesis that FOXC1 expression and FOXC1 expression in SACCs were analyzed by Spearman order correlation (P < 0.001). (D and E) Kaplan-Meier survival curves for SACC patients were plotted by miR-582-5p expression or FOXC1 expression, and the differences were analyzed using the log-rank test (P < 0.001).
may be related with lung metastasis in SACC. In this study, we identified FOXC1 as the target gene, through which miR-582-5p regulate invasion and metastasis of SACC cell line. Preventing metastasis is a vital part of treating cancers, including SACCs. Local invasion and lung metastasis are the primary causes of death in SACC patients. Therefore, understanding the mechanism of metastasis in SACCs is necessary to increase survival rates.
In the present study, miR-582-5p upregulation dramatically repressed the invasion and migration of SACC cell lines and the lung metastasis of SACC xenograft tumors. Compared with artificially synthetic siRNAs, miRNAs exist in normal cells as endogenous molecules, thereby, decreasing the possibility of off-target silencing effects (29, 30) . Furthermore, miRNAs may target lots of coding genes, and miRNA interference could effectively silence multiple molecular pathways.
Recent studies have demonstrated that FOXC1 was identified as a novel responsive gene when treated with TGFβ in different kinds of human cancer cell lines. FOXC1 is involved in the cell cycle and proliferation (31) . At present study, with changes of miR-582-5p or FOXC1, proliferative capacity of SACC cells changes significantly, while there is no effect on cell apoptosis. FOXC1 is involved in the invasion and migration of pituitary tumors, its mechanism mainly lies in EMT induced by miR-133 (32). Interestingly, E-cadherin was increased, while vimentin and snail were decreased with FOXC1 downregulation, suggesting that FOXC1 may regulate EMT of SACC cells by transactivating snail. However, as a single miRNA can bind to multiple targets genes, it is of vital importance to identify the most important target gene. In this study, our experiments confirmed that miR-582-5p mainly targets FOXC1 to regulate invasion and metastasis in SACC cells.
Lung metastasis is the most important prognostic factor for patients diagnosed with SACC. Here, we identified miR-582-5p as a prognostic factor of metastasis in SACC patients. As miRNAs are relatively stable and can be well preserved in tissue samples compared with other biological markers, qRT-PCR and in situ hybridization might be clinically applicable procedure (33, 34) . Taken together, miR-582-5p was found to be downregulated in SACC cells, while its target gene FOXC1 was upregulated. Transfection with miR-582-5p mimics dramatically decreases FOXC1 expression, resulting in decreased ability of invasion and metastasis of SACC cells. On the other hand, miR-582-5p serves as metastasis suppressor gene for SACC in vitro and in vivo. As one of the miR-582-5p target genes, FOXC1 may be a novel regulator of neurotropism and pulmonary metastasis in SACC. These findings provide a theoretical basis for the research of miR-582-5p as an effective targeted therapy and prognostic biomarker for tumors. 
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